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Design Considerations for the LCLS
C.Limborg, SLAC

» Small slice emittance production
» Coherent Synchrotron Radiation
e Undulator

» Resistive wall wakefield
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SASE FELs
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« Starts from Noise from
spontaneous emission

* Exponential growth of
radiated power

e Saturation level

Theory well developed

and verified by simulations
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' Advanced
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X-Ray SASE requirements

The LCLS
(Linac Coherent Light Source)

RF Gun

Linac O

Linac 1| 150 MeV X
Linac 2~ 250 MeV [ ><___J

Linac 3 — 4.5 GeV \-

unch Compressor 1

2.3 ps

15 GeV h Compressor 2
o 230 fs
Photon 3 /
—_—— Undulator
€ ~1.2 mm.mrad

n,slice

|« = 3.4 kA (230fs, 1nC)
\L B Factory Rings O < 5.10+,14.3 GeV

To Electron
Beam Dump

Saturation of 1.5 A, undulator ~100m
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Photo-injector Beamline

. T “—— Glectrons
-7/,\' ——————— - — - — S
X/
7
Matching and ’- Enslice | €nproj ~ 1:0 /1.2 mm.mrad
Bending _ .
1nC , with 10% charge stability
Diagnostics
= Longitudinal 5
_ KIS Gun Solenoid
EO Device Linacs
\
Transverse deflecting cavity - /
Spectrometers Linac solenoid [————RF Gun
" Iransverse Laser Beam 1nC
OTR screens Ti-Sapphire |
| 500 uJ of 260 nm OW Eipermal
Wirescanner 120MV/m
| 10 ps with 0.7 ps rise time I
120Hz
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Photo-injector Simulations
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Tuning with Eomdyn then PARMELA I iR R S

05b N v

v fth = 0.5 mm.mrad I
v ﬂulse 10 ps but 0.7 ps rise time I

4
along beamline

g

£

v'Stability, flexibility of beamline, £
ELA vs experiment [C.Limborg, WE-P-14] 8 08

slice number
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GTF Summer 2002

Spectrometer Image

of Slice Quad Scan Data

Instantaneous
Peak Current

Slice Emittances

-
A
o

Peak Current (A)
g 3

€, (mm mrad)

Slice number

€ = 1.3 mm.mrad

slice

yfor 130 A

~ very close to
LCLS requirements

Similar
measurements at the
DUVFEL facility

(Spring 2002)

5

Courtesy D.Dowell [WE-P-07 Dowell et al.]
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Sumitomo Spring 2002

Normalized rms emittance
in horizontal direction [xmm-mrad]
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Frequency domain pulse shaping

Courtesy of J.Yang rrsTA
< Sumitomo Heavy Industries, Ltd.I
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[LCLS Linac Parameters for a 1.5-A FEL

6 MeV 150 MeV 250 MeV 4.54 GeV
0.~083mm o,~0.83 mm 0.~ 0.19 mm 0.~ 0.022 mm

z

O~ 0.2 % O5~ 0.10 % O5~ 1.8 % Os~ 0.76 %

SC Wiggler
L=0.6m B~4T
¢,~180°

Linac-1 Linac-2 Linac-3
L=330m L=550m

14.35 GeV
o.~ 0.022 mm

4

o5~ 0.02 %

Undulator
L=120m

DL-2 I-
L =66 m

SLAC linac tunnel

FFTB hall

1-nC, 10 ps with € ~ 1.0 mm.mrad = compressed and accelerated




Magnetic Bunch Compression
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Evolution Longitudinal Phase Space
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Coherent Synchrotron Radiation (CSR)
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CSR Microbunching: theory / tracking

Ty ' ' ' N

Sr ', l _ ()S. Heifets et al., SLAC-PUB-9165,03-2002
[ 8“=301%1}2 E. Saldin et al., Jan. 02, NIM, A483,2002
T 11_+ G52 Z. Huang et al., April 02,PRST-AB, 07-2002
) | L
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Minimizing Microbunching
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e 120 m undulator channel

v 33 segments of 3.4 m, A, =3 cm, K= 3.71

v space for future enhancements (seeding, slicing, harmonics)
¢ 3.4-m section already built at ANL and is being measured

Al temperature-
compensation plate

Titanium strong-back Advanced _
Photon A
Source x\" d

T

Va permendur poles

Nd-Fe-B magnets

Courtesy E. Gluskin,L.Moog, ANL
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Undulator Systems

Correctors X-Ray Diagnostics
Undulat 3.420 0.187
Hiator "  — Vertical Horizontal
->--1-Cunpuateor{-©-O %I-E-O >t

©
W Q. Szl Posiion ot

‘ resolution 1um rms
< >

2 period of undulator channel ~411 m

@~ Trajectory straight = o, , <5 um over gain length

Beam-based Alignment

v Measure Energy dependent trajectory ™
¥"Move Quadrupoles and undulators, > ©,,<3 um achievable along undulator
v'Correct BPM offsets » P.Emma Simulations
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Undulator Chamber Wakefields

® Resistive wall dominant over roughness and geometric wakefields

® N 45 hamber = 2.2 MM for high undulator fields

e’cNL, |7, Wake changes ‘slice’ energy during
2rEcP N\ o exponential gain regime

[ 1.5A,1nC

0.00 0.05 0.10 0.15 0.20

X-ray pulse computed
from Genesis

gap due |
to wake |

n

t [ps .
bourtes S.Reiche

S. Reiche, [WE-P-49] Active pulse length control down to 10 fs by wakefields
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Peak Power along Undulator

Start-to-End Simulations: PARMELA = Elegant = Genesis

1!

~ 0]
10'% Genesis 40% power

" loss due to
= 10 wakefield
A 108
Ry
V

solid - with wakefields
dashed - without wakefields

0 20 40 60 80
z[m]

Courtesy S.Reiche
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Project Schedule

2003 — Project Engineering Design Begins

Spring 2004 — Complete Preliminary Design

October 2004 — Start long-lead procurements
October 2005 - Start of civil construction
Winter 2007 — Begin FEL commissioning

October 2008 — Project Complete
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Conclusion

Many challenges
¢ Very promising photo-injector results
% CSR : good understanding

+¢» Resistive wall wakefields in undulator

http://www-ssrl.slac.stanford.edu/lcls/CDR/

inear ] M
= N & LLNL Los Alamos
SIAL
Advanced P
Photon 27 A
Source ﬂ
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X-Ray optics R.Bionta WS-P-09

Short Electron bunches | P.Krejcik TU-O-08

Short X-Ray Pulses J.Hastings WS-O-11
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courtesy S. Reiche
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